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THE PLANKTONOKRIT, A CENTRIFUGAL APPARATUS FOR THE 

VOLUMETRIC ESTIMATION OF THE FOOD-SUPPLY OF 

OYSTERS AND OTHER AQUATIC ANIMALS. 

BY CHARLES S. DOLLEY, M. D. 

To Dr. Victor Hensen of Kiel is due the credit of being the first 
to insist upon the importance of a quantitative determination of the 
primitive food supply of marine animals. 

In place of the terms "Auftrieb" and " pelagische Mulder " (pel- 
agic tow-stuff) introduced by Johannes Muller, and commonly em- 
ployed by zoologists for nearly half a century, Hensen substituted 
the more comprehensive term, plankton, 1 to include all those free- 
swimming, or drifting organisms which make up the fauna and 
flora of the sea. As the result of the initiative taken by Hensen 
and based largely upon the investigation conducted in the North 
Sea and Atlantic Ocean under his leadership, there has been devel- 
oped in less than a decade, one of the most important departments 
of biological science, to which Haeckel has applied the term plank- 
tology. Biologists interested in the practical solution of the diffi- 
culties met with in the preservation and propagation of the food 
supply of Man, as found in ocean and lake, bay and river, were 
quick to recognize the importance of planktonic studies ; and the 
broad considerations of the physiologist, concerning the cycle of 
matter in the sea, have led to narrower, but, nevertheless, exceed- 
ingly important studies regarding the source, character and quan- 
tity of the food supply of edible fishes and mollusks. 

It is each year becoming more evident to the fish and oyster cul- 
turist that he has before him a problem of very considerable com- 
plexity. He is awakening to the fact that it is not sufficient that 
he should be able to hatch out and liberate millions of young fish 
fry, or plant thousands of bushels of oyster spat, but that he must 
base his culture experiments upon a thorough knowledge of the 
conditions affecting the survival and growth of the planted forms. 

To the very imperfect knowledge of fish culturists and oyster plant- 
ers, may be largely attributed the fact that American oysters have for 

1 7rXayxT6$, wandering, roaming. 
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years steadily diminished in abundance, notwithstanding the enor- 
mous quantity of plants spread out on the oyster grounds of our 
seaboards, as well as that the fisheries of the Great Lakes have, in 
several instances, grown steadily less profitable, notwithstanding 
that millions of young fry have been liberated annually ; for unless 
the transplanted organism can find suitable and abundant food, 
the time and money spent in rearing it, up to the period of its plant- 
ing, is practically wasted. 

As the result of the planktonic studies of Hensen, aquiculture is 
taking on a new phase which promises to mark a period in its 
history as important as has been seen in the very rapid development 
of scientific agriculture, directly attributable to the teachings and 
methods of Sir John Bennett Lawes of Kothamstead, England. 

A glance at recent literature is sufficient to show the marked con- 
trast between modern planktonic investigation and the empirical 
methods hitherto employed in aquiculture. 

Prof. H. B. Ward, in his paper on the " Food Supply of the Fish 
in the Great Lakes," and Prof. J. E. Reighard, in his reports on the 
"Biological Examination of Lake St. Clair," indicate very clearly that 
the practical failure offish culturists to replenish the rapidly dimin- 
ishing supply of white fish in the Great Lakes may be directly at- 
tributed to a lack of knowledge on the part of those conducting the 
fish hatcheries, of the conditions affecting the primitive food supply 
of these waters. In the work conducted under the direction of 
Prof. Reighard, we find the first recognition in this country of the 
prime importance of a knowledge of the protophytes of the plank- 
ton, constituting as they do the primitive food supply upon which 
are dependent all other forms of the plankton, as well as all higher 
aquatic organisms. 

John P. Lotsy, in a study of the food of the oyster, clam and 
ribbed mussel, confirms what has long been known, that these mol- 
lusks feed almost entirely upon diatoms, and that a knowledge of 
the life conditions of these latter must furnish the basis of intelligent 
oyster culture. 

In reviewing the literature pertaining to oysters and the oyster 
industries, frequent mention is found of the food of oysters and the 
importance of an abundant and regular supply of the same, but no- 
where in the numerous reports of expensive investigations of oyster 
grounds, carried on by the various governments, do we find any sys- 
tematic study of the protophytic plankton of the waters examined. 
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Other and much less important factors, such as depth and density 
of the water, the character of the bottom, etc., have received ex- 
haustive attention and are to be found displayed in lengthy tables 
and expensive charts, whereas, the most important factor of all, 
the conditions of the oyster's food supply, are relegated to brief 
paragraphs and have as yet received practically no consideration at 
the hands of those who have sought to awaken interest in scientific 
oyster culture. 

In this connection I may be allowed to quote briefly from Prof. 
Haeckel : " The unicellular plants (Protophyta) have very great im- 
portance in the physiology of the plankton and the cycle of matter 
in the sea, for they furnish by far the greater part of the primitive 
food (Urnahrung). The inconceivable amount of food which the 
countless myriads of swimming marine animals consume daily is 
chiefly derived, directly or indirectly, from the planktonic flora, 
and in this the unicellular protophytes are of much greater impor- 
tance than the multicellular metaphytes. 

" Nevertheless, the natural history of these small plants has thus 
far been very much neglected. As yet, no botanist has attempted 
to consider the planktonic flora in general, and its relations to the 
planktonic fauna. Only that single class so rich in forms, the di- 
atoms, has been thoroughly investigated and systematically worked 
up ; as regards the other groups, not a single attempt at systemiza- 
tion has been made ; and many simple forms of great importance 
have lately been recognized for the first time as unicellular plants.'' 

James I. Peck, in a recent article on " The Sources of Marine 
Food," adds testimony to the importance of primary food supply, 
showing, in a number of instances, the steps in the series from the 
microscopic plants of the sea to the voracious bluefish or squeteague ; 
the higher organisms in the series being dependent on the lower. 
How essential, then, to the planktologist is a knowledge of the con- 
ditions affecting the development of the protophyta, since these 
minute plants form the primitive organic food, determining the wel- 
fare of a long series of higher forms, ending with man himself. 
Means should be devised for establishing planktonic standards based 
upon the ascertained conditions existing in waters known to be pro- 
lific in higher forms of life. 

Knowing that the oysters, clams and mussels depend practically 
upon diatomaceous food, and that certain bays, coves or estuaries 
are noted for the abundance and quality of their molluscan fauna, 
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let the average weight or bulk of diatoms for each cubic metre of 
such a region be determined and used as a standard of comparison, 
by means of which the culturist may estimate the value of neigh- 
boring waters. 

Corporations such as are now rapidly securing control of the best 
oyster grounds of the coast, will not long be content to work under 
the rule-of-thumb methods of the unscientific oysterman. The ex- 
periments of laying out extensive oyster beds, or establishing fatten- 
ing parks, are too costly to be undertaken on the basis of guess-work 
as to whether conditions are or are not favorable. The money in- 
vested in an oyster bed of one hundred thousand bushels is so great 
that a year's difference in the time required by the plants to reach 
marketable size means a very considerable profit or loss to the 
planters. 

How to turn over the investment every two or three years, in- 
stead of every five years, is a question which affects very materially 
the dividends of a corporation engaged in oyster culture. In cer- 
tain regions, the oysters grow rapidly in size, but do not become 
sufficiently fat to command the prices paid for oysters of a similar 
size from other beds. These thin oysters, for a few cents a bushel, 
can be transferred to parks or fattening ponds, where, by supplying 
them with waters rich in diatoms, they will become " primes " in 
the course of a few weeks. 

The advantage of such fattening is obvious, as is the fact that the 
time consumed in the process is a most important factor, the profit 
depending on whether the parks can be emptied of oysters and re- 
filled every three weeks or every six weeks. To regulate conditions 
of this kind it is not enough to wait for results, to judge from day 
to day whether the oysters are fattening or not, and to judge the 
quality of the water of the park by the effects seen on the oysters. This 
method is unprofitable ; it is either too slow, too uncertain or too 
wasteful. Variation in rainfall, in temperature, etc., will affect the 
relative number of food organisms in the water so materially that 
the best results can be secured only by a daily test of the supply. 

Water rich in diatoms is too precious to be allowed to pass 
through the parks in quantities larger than necessary to bring the 
oysters to perfection in the shortest possible time. How now shall 
the ostreaculturist ascertain quickly and accurately the amount of 
plankton in the water of his parks and claires from day to day, or 
decide upon the best places for the location of new beds as regards 
food supply? 
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The methods adopted by Hensen and his followers in estimating 
the plankton content of any given area of water, are tedious in the 
extreme, and hold the same relation to practical fish and oyster cul- 
ture as do the old fashioned methods of counting blood corpuscles 
and milk globules to the modern use of the hematocrit for the 
quantitative estimation of blood corpuscles ; or of the various cen- 
trifugal machines and the Babcock system for the determination of 
the fat contents of milk. To the use of the pelagic tow-net we are 
indebted for practically all our present knowledge of minute aquatic 
organisms, and in so far as concerns the enumeration of the species 
constituting the plankton of any given region, no improvement can 
be suggested over the methods now employed. Prof. Haeckel has, 
however, very clearly pointed out the difficulties connected with 
Hensen's method of counting the individuals obtained in each haul 
of the net and that such counting " possesses only an approximate 
and relative value," and further, that " the only thorough method 
of determining the yield in planktology is the determination of the 
useful substance according to mass and weight, and subsequent 
chemical analysis." Without undervaluing in any way the count- 
ing methods at present employed by planktologists, I desire here to 
call attention to an apparatus which I have devised and by means 
of which one may make a large number of plankton estimations in 
a single day, in each case determining the volume and weight, 
rather than the number of individuals. By means of this apparatus 
one is enabled to judge of a given area of water at different times of 
the day, states of the tide, from various depths, in fact of the plank- 
tonic variations as regards depth, temperature, density, wind, tide, 
etc. 

The method which I employ is that of the centrifuge, an appara- 
tus which consists of a series of geared wheels driven by hand or 
belt, and so arranged as to cause an upright shaft to revolve to 
a speed of 8,000 revolutions per minute, corresponding to 50 revolu- 
tions per minute of the crank or pulley wheel. To this upright 
shaft is fastened an attachment by means of which two funnel- 
shaped receptacles of 1 litre capacity each may be secured and 
made to revolve with the shaft. The main portion of each of these 
receptacles is constructed of spun copper, tinned. To this is at- 
tached the stem of the funnel consisting of a heavy annealed glass 
tube of 15 mm. in outside diameter with a central bore of 2 J to 5 
mm. These glasses are held in place and protected by a cover, 
such as is employed in mounting a water-gauge. 
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The receptacles having been filled with the water to be examined, 
are caused to revolve for one or two minutes, when the entire con- 
tents of suspended matter in the water is thrown down to the bottom 
of the tube, from which the volume may be read off by means of the 




graduated scale on the outside of the tube. The plankton thus ex- 
peditiously secured can be transferred quickly to a vial or other re- 
ceptacle, to be weighed or otherwise examined at leisure. 

The apparatus is simple and efficient, covering, I think, some of 
the faults in the Hensen method, as pointed out by Haeckel, at any 
rate supplementing the counting method by one which makes it 
possible to secure a far greater number of estimations in a given time. 
It is free from many sources of error connected with the use of a net, 
and for the practical purposes of oyster and fish culture enables the 
scientist in charge to ascertain the diurnal variations of any given 
area of water, from planktonic standards previously established 
under the most favorable conditions. I have chosen the name 
planktonokrit for this apparatus, and I am confident that it will 
facilitate in many ways the solution of the cecological problems 
which confront the student of aquatic organisms, and at any rate 
free him, to a certain extent, from " the Danaides task " of counting 
the individuals. 19 



282 PROCEEDINGS OF THE ACADEMY OF [1896. 

BIBLIOGRAPHY OF PLANKTOLOGY. 

Andrussow. Kemarques biologique et ge\)graphique de la flore 
et de la faune pelagiques. Diatomiste, V, II, p. 60. 

Apstein, C. Das Plankton des Susswassers und seine quantitative 
Bestimmung Apparate. Schriften d. naturw. Vereins f. Schleswig- 
Holstein, Bd. 14, p. 267-273, 1890. 

Quantativ Plankton-Studien im Susswasser. Biol. 

Centrlb., Bd. XII, p. 484-512, 1892. 

Vergleich der Plankton-prod uktion in verschiedenen 

holsteinischen Seen. Bericht d. naturf. Gesellsch. Freiburg i. Br., 
Bd. VIII, p. 79-80, 1894. 

Aurtvillius, C. W. S. Kedogorelse for de svenska hydrogra- 
fiska undersokningarne aren 1893-1894. Ill Planktonundersok- 
ningar. Animalisk Plankton. Bih. K. Svensk. Vet.-Akad. Hdlgr., 20 
Bd. Afd. IV, No. 3 (30 p., I Tab., Zusammenfassung, p. 17-18). 
Zool. Ctbl., 3 Jhg. No. 6, p. 102. 

Birge, E. A. A report on a collection of Cladocera, mostly from 
Lake St. Clair, Michigan, with a table of species. Bull, of the 
Michigan Fish Com., No. 4, 1894. Appendix II, p. 45-47. 

, assisted by O. A. Olson and H. P. Harder. Plankton 

Studies on Lake Mendota. The vertical Distribution of the pelagic 
Crustacea during July, 1894, with 4 pi. From Trans. Wiss. Acad. 
Sc. Arts, Vol. X, p. 421-482. 

Bois-Reymond, E. du. Bericht. uber die Humboldt-Stiftung und 
die Kieler Plankton-Expedition des National. Sitzungberichte der 
Berliner Akademie d. Wissensch. vom 23 Jan., 1890, pp. 83-87. 

Borne, M. von dem. Das Wasser fur Fischerei und Fischzucht. 
Neudam, 1887. 

Bose, L. A. G. La cause de la coloration des huitres et les ani- 
malcules qui servent a les nourrir. Institut. Bui. Univ. Ferussac, 
II, 319, 1823. 

Brandt, Karl. Die coloniebildenden Eadiolarien (Sphcerot- 
seri) des Golfes von Neapel, 1885. 

Ueber die biologischen Untersuchungen der Plankton- 
Expedition. Verhandl. der Gesellsch. f. Erdkunde zu Berlin, vom 
7 Dec, 1889, p. 515. 

Ueber die Schliessnetzfange der Plankton-Expedition. 

Verhdlgn. Ges. deutsch. Naturf. u. Arzte, 67 Vers. 2 Bd. I Hft. p. 
107-112. 

Brooks, W. K. The Origin of Food of Marine Animals. Bull. 
U. S. Fish Com., Vol. XIII, p. 87, 1893. 

Browne, Ed. T. On the Changes in the Pelagic Fauna of Ply- 
mouth during September, 1893 and 1895. Jour. Mar. Biol. Assoc, 
N. S„ Vol. 4, No. 2, p. 168, 1896. 

Buckland, Frank. The Oyster's Food, Young and Foes. 
The Sea World and Fishing Gazette, N. Y., Oct. 12, 1880, Vol. II, 
No. 9. 



1896.] NATURAL SCIENCES OF PHILADELPHIA. 283 

Calderwood, W. L. The Feeding-ground of the Herring. 
Nature, Vol. 53, No. 1360, p. 54. 

Carillon, Dr. Bol alimentaire de V Ostrea edulis. Bui. Soc. 
Ostr. d'Auray, 105, 1881. 

Cheyney, A. Nelson. Breeding natural food artificially for 
young fish artificially hatched. Bull. U. S. Fish Com., Vol. XIII, 
p. 277, 1893. 

Chierchia, Gaetano. Collezioni per studi di scienze naturali, 
fatti nel Viaggio intorno al mondo dalla R. Corvetta Vettor Pisani. 
Anni 1882-1885. 

Chun, Carl. Ueber die geographische Verbreitung der pela- 
gisch lebenden Seethiere. Zool. Anz., No. 214, 215, 1886. 

Die pelagische Thierwelt in grossern Meerestiefen und 

ihre Beziehungen zu der Oberflachen-Fauna. Bibliotheca zoologica, 
Hft. I, 1888. 70 Jahrsber., Schles. Ges. f. vaterl. Cult. allg. Ber., 
p. 20-27. 

Bericht uber eine nach der Canarischen Insel ira Win- 
ter 1887-88 ausgefuhrte Reise. Sitzungsberichte der Berliner 
Akad. der Wiss., p. 519, 1889. 

Die pelagische Thierwelt in grossen Tiefen. Verhandl. 

d. Gesellsch. deutsch. Natuf. u. Aerzte, Bremen, 1890. 

Atlantis. Biologische Studien uber pelagische Organ- 

ismen. V. Uber pelagische Tiefsee Schizopoden. Bibliotheca Zool. 
19, Hft. 3, 1896. 

Clark, Frk. N. History and methods of Whitefish Culture. 
Bull. U. S. Fish Com., XIII, p. 213, 1893. 

Cleeve, Prof. P. T. Plauktonundersokningar Cilioflagellate 
och Diatomaceer. Diatomiste, Vol. II, p. 142. 

Dean, Bashford. The Physiological and Biological Character- 
istics of the Natural Oyster-grounds of South Carolina. (V. The 
Food of the South Carolina Oyster. Animal Element of Oyster 
Food. Plant Element of Oyster Food. Amount of Oyster Food 
occurring in South Carolina Waters as determined by analysis). 
Bull, of the 13. S. Fish Com., Vol. X, for 1890. Wash. Gov. 
Printing Office, 1892. 

The Food of the Oyster ; its conditions and variations. 

Sec. Rep. of the Oyster Investigation and of Survey of Oyster Ter- 
ritory for the years 1885 and 1886. Albany, 1887, Sup., pp. 49-78, 
3 pis. 

Descomt. Sur la cause de la coloration violacee des huitres du 
bassin d'Arcacbon. Compt. Rend., LXXXV, 967, 1877. 

Dyer, W. T. Thistleton. Greening of Oysters. Nature, 
Lond., Sep. 6, 1877, Vol. XVI, p. 397. 

Eckstein, K. Die Rotatorien fauna des Muggelsees. (Aus. d. 
biol. Station d. deutsch Fischerei-Ver.) Zeitsch. f. Fischerei, 1895. 
Ausz. von C. Zelinke. Zool. Cntrlb. 2 Jhg., No. 24-25. 30 Dec. (8 
Jan.), p. 756-757. 



284 PROCEEDINGS OF THE ACADEMY OF [1896. 

Forbes, S. A. The First Food of the Common Whitefish ( Corego- 
nus clupeiformis, Mitch.). Bull. 111. State Lab., Vol. I, No. 6, p. 
95-109, 1883. 

France, E. H. Zur Biologie des Planktons. Vorlaufige Mit- 
theilung, Biol. CnXrlbt., Bd. XIV, p. 33-38, 1894. 

Fuchs, Th. Ueber die pelagische Flora und Fauna. Verhandl. 
d. k. k. Geol. Reichsanstalt in Wien, 4 Feb., 1882, p. 49-55. 

Gaillon, G. B. Des huitres vertes et des causes de leur colora- 
tion. Annales generales des sciences physiques, VII, 89, 1820. 

Observations sur la cause de la coloration des huitres, 

et sur les animalcules qui servent a leur nutrition. Mem. Soc. Lin- 
neenne du Calvados, I, 135, 1824. 

Giesbrecht, W. Ueber pelagische Copepoden des Rothen 
Meeres, gesammelt vom Marineslabsarzt, Dr. Augustin Kramer. 
Zool. Jahrb., Abth. f. System., 9 Bd., 2 Heft, p. 315-327, 328. 

Goode, George Brown. The Relation of Scientific Research 
to Economic Problems. Bull. U. S. Fish Com., Vol. XIII, p. 49, 
1893. 

Graud, S. L'Industrie huitriere a Marennes. Michelet, Paris,. 
1882. 

Graeffe, Edward. Uebersicht der Seethier-Fauna des Golfes 
von Triest, nebst Notizen tiber Vorkommen, Lebensweise, Erschein- 
ungs-und Fortpflanzungs-Zeit. Arbeiten d. Zool. Station, Trieste 
1881-88. 

Greef, Richard. Reise nach den canarischen Inseln " Die 
Meeresstromungen als Thierstrassen," pp. 307-309, 1868. 

Haeckel, Ernst. Indische Reisebriefe. II Auf. 1, 1882. 

Monographic der Medusen. I Bd. Das System der 

Medusen. II Bd. Der Organismus der Medusen, 1879. 

Naturliche Schopfungsgeschichte. Achte Auflage, 

1889. 

Plankton Studien. Jenaische Zeitschrift, Vol. XXV, 

Hft. 1, 2, 1890. Published separately by Gustav Fischer, Jena, also- 
translated in English by G. W. Fiefd. Planktonic Studies, a Com- 
parative Investigation of the Importance and Constitution of the 
Pelagic Fauna and Flora. Rep. of the U. S. Com. of Fish and 
Fisheries for 1889-1891, pp. 565-641, Wash., 1893. 

Monographic der Radiolaren. Uebersicht der Ver- 

breitung, pp. 166-193, 1862. 

Report on the Radiolaria collected by H. M. S. Chal- 
lenger during the year 1873-1876, Chronological Section. §§ 226- 
240 (Deutsch in der " Algemeinen Naturgeschichte der Radio- 
larien," 1887, pp. 123-137). 

Hensen, Victor. Ueber die Bestimmung des Planktons, oder 
des im Meere treibenden Materials an Pflanzen und Thieren. V, 
Bericht der Commission zur wissenschaftl. Unters. der deutschen 
Meere in Kiel, 1887. 



1896.] NATURAL SCIENCES OF PHILADELPHIA. 285 

Ergebnisse der in dem Atlantischen Ocean von Mitte 



Juli bis Anfang Nov., 1889, ausgefiihrten Plankton-Expedition der 
Humboldt-Stiftung auf Grund von gemeinschaftlichen Untersuch- 
ungen einer Reihe von Fach-Forschern herausgegeben. Leipzig, 
1895. 

Einige Ergebnisse der Plankton-Expedition des Hum- 
boldt-Stiftung. Sitzungsberichte der Berliner Akad. d. Wissen- 
schaft, vom 13 Marz, 1890, pp. 243-253. Verhdlgn, 65 Vers. 
<Ges. deutsch Naturf. u. Arzte I, Th., p. 124. 

Hodgson, T. V. Notes on the Pelagic Fauna at Plymouth, 
Aug.-Dec, 1895. Jour. Mar. Biol. Assoc, N. S., Vol. 4, No. 2, p. 
173, 1896. 

Lameere, Aug. La faune des regions belgiques. Feuille des 
jeunes Naturalistes, (3) 26 Ann., No. 303, Janv. 1896, p. 58 (Tire du 
41 Manuel de la Faune de Belgique "), V. Z. A., 1895, p. 448. 

Levander, K. M. Mater i alien zur Kenntniss der Wasserfauna 
in der Umgebung von Helsingfors, mit besonderer Berucksichtigung 
der Meeresfauna. I. Protozoa. Mit 3 Taf. in Acta Soc. Fauna et 
Flora Fenn., XII, No. 2. 

Materialien zur Kenntniss der Wasserfauna von Hel- 
singfors. II. Rotatoria. Ausz. von C. Zelinke. Zool. Centrlb. 2 
Jhg., No. 24-25. 30 Dec. (8 Jan.), p. 754-756, 1895. 

Lotsy, John P. The Food of the Oyster, Clam and Ribbed 
Mussel. Rep. of the U. S. Com. of Fish and Fisheries for 1893, 
pp. 375-386, 1896. 

McCrady, John. Observations on the food and reproductive 
organs of Ostrea virginiana, with some account of the Bucephalus 
•calculus, nov. spec. Pro. of the Boston Soc. of Nat. Hist., Dec. 3, 
1873, Bost, 1874, Vol. XVI, pp. 170-192. 

McIntosh, W. C. Fish-cultural Investigations at St. Andrew's 
Marine Laboratory, Scotland. Bull. U. S. Fish Com. for 1893, 
Vol. XIII, p. 241. 

Mobius, Karl. Wo kommt die Nahrung fur die Tiefseethiere 
iher ? Zeitschr. f. wissensch. Zool. Bd., XXI, p. 294, 1871. 

How can the cultivation of the oyster, especially on the 

German coasts, be made permanently profitable ? Rep. U. S. Fish 
€om. 1877, Wash., 1879, Vol. V/p. 875-884. 

The Oyster and Oyster-culture. Rep. U. S. Fish Com. 

1880, Wash., 1883, Vol. VIII, pp. 683-752. 

Beitrage zur Meeres-Fauna der Insel Mauritius und 

der Seychelles 1880. 

Systematische Darstellung der Thiere des Plankton in 

der westl. Ostsee und auf einer Fahrt von Kiel in den Atlantischen 
Ocean bis jenseit der Hebriden. V. Bericht der Com. z.,wissensch. 
Unters. der Deutschen Meere in Kiel, 1887. 

Moseley, H. N. Pelagic Life. Address at the Southampton 
Meeting, Brit. Assoc. Nature, Vol. XXVI, No. 675, p. 559, 1882. 



286 PROCEEDINGS OF THE ACADEMY OF [1896. 

Murray, John. Preliminary Report on some surface organ- 
isms examined on board H. M. S. Challenger, and their relation to 
ocean deposits. Proc. Roy. Soc, Vol. XXIV, pp. 532-537 

Narrative of a cruise of H. M. S. Challenger, with a 

general account of the scientific results of the expedition (1873- 
1876). Vol. I, II, 1885. 

Muller, Johannes. Ueber die Larven und die Metamorphose 
der Echinodermen. Abhandl. der Berl. Akad. d. Wissensch., 
1845-1855. 

Ueber die Thassicollen, Polycystinen und Acanthome- 

tren des Mittelmeeres, 1858, Ibid. 

Kelson, Julius. Oyster interests of New Jersey. N. J. Agri- 
cultural Experiment Station, Special Bulletins. Trenton, 1889, 
1891, 1892. 

Ohlin, A. Bidrag till Kannedomen om Malakostrakfaunan i 
Baffin Bay och Smith Sound. Akad. Afhdlg. Lund., 1895. Ausz. 
von L. A. Jagerskiold in Zool. Centrlb. 2 Jhg., No. 18, p. 565-566. 

Peck, James J. On the Food of the Menhaden. Bull. U. S. 
Fish Com. for 1893, Vol. XIII, p. 113. Wash., 1894. 

The sources of Marine Food. Bull. U. S. Fish Com 

for 1895, pp. 351-368, Plates 64-71, 1896. 

Puysegur, M. Notice sur la cause du verdissement des huitres, 
Berger-Lexrault, Paris, 1880, translated, with a supplementary note 
on the coloration of the blood corpuscles of the oyster, by John Ryder. 
Rep. U. S. Fish Com., 1882, Wash., 1884, Vol. X, pp. 793-805. 

Reade, J. B. On the cilia and ciliary currents of the Oyster. 
(States that the food consists entirely of Infusoria). Rep. of the 
Brit. Assoc, for the the Advancement of Science, 15th Meet., 1845, 
Lond., 1846, pp. 66-67. 

Reighard, J. E. Suggestions for an experimental method of 
determining the efficiency of quantitative nets. Bull, of the Mich. 
Fish Com., No. 4, 1894. Appendix V, pp. 57-60. 

A Biological Examination of Lake St. Clair. Prelim- 
inary account of work done during the summer of 1893 by the 
the party maintained by the Mich. Fish Com. Bull, of the Mich. 
Fish Com., No. 4, 1894, pp. 1-41. 

Some Plankton Studies in the Great Lakes. Bull. U. 

S. Fish Com. for 1893, V, XIII, p. 127. 

Rice, H. J. The propagation and natural history of the Ameri- 
can oyster. Supplement to the Rep. of the Com. of Fisheries of the 
State of New York, in charge of the Oyster Investigation. Albany, 
1885, pp. 71-137. 

Richard, J. Sur la faune pelagique du Tegernsee. Zool. Cen- 
trlb., 3 Jhg., No. 4, p. 139. 

Ryder, Johx A Notes on the breeding, food and green color 
of the oyster. Bull. U. S. Fish Com., Vol. I, 1881, Washington, 
1882, pp. 403-419. 



1896.] NATURAL SCIENCES OF PHILADELPHIA. 287 

An account of experiments in oyster culture and ob- 



servations thereon, made at St. Jerome's Creek, Maryland, during 
the summer of 1880. Appendix A to a Report of the Commissioner 
of Fisheries of Maryland, Jan., 1881, Hagerstown, 1881, pp. 1-64. 
Discusses the anatomy and food of the oyster ( Ostrea virginiana) 
and the fauna of oyster beds. 

Notes on the breeding, food and green color of the 

oyster. Trans, of the Amer. Fish-cult. Assoc, 11th Annual Meet- 
ing, N. Y., 1882, pp. 57-79. 

Notes on the breeding, food and cause of green color of 

the oyster. Forest and Stream, N. Y., May 25, 1882 and June 1, 
1882, Vol. XVIII, pp. 331-332, and pp. 349-351. 

A contribution to the life history of the oyster (Ostrea 

virginiana Gmelin, and 0. edulis Linn.). The Fisheries and Fish- 
ery Industries of the* U. S., Washington, 1884, sec. 1, pp. 711-758. 

Schenkling-Prevot. Beitrage zur Tiefseeforschung. Zool. 
Garten, 36 Jhg., No. 6, p. 162. Abbildungen aus Chun und aus 
Marshall. 

Schmidtlein, R. Vergleichende Uebersicht uber das Erscheinen 
grosserer pelagischer Thiere wahrend der Jahre 1875-1877. Mit- 
theil. der Zool. Station, Neapel, Bd. I, p. 119, 1879. 

Shimkewitsch, Wl. La fauna de la mer blanc et les travaux 
de la station biologique russe de Solovetzky. Avec 2 incis. in Re- 
vue Scientifique. T. 3, No. 23, p. 705. 

Seligo, A. Hydrobiologische Untersuchungen, I. Schriften d. 
naturf. Ges. Danzig, n. F., Bd. VII, p. 43-89, 1890. 

Simroth, H. Neue pelagische Schneckenlarven und Muscheln 
von der deutschen Planktonfahrt. Sitzgsber. Nat. Ges. Leipzig, 
19-21, Jhg., p. 8-10, 42-3. 

Smith, Frank. List of the Protozoa and Mollusca observed in 
Lake St. Clair in the summer of 1893. Bull, of the Michigan Fish 
Commission, No. 4, 1894, Appendix 1, pp. 42-44. 

Sorby, H. C. Description of methods for collecting and estimat- 
ing the number of small animals in sea water. Report, 65 Meet. 
Brit. Assoc, Ipswich, 1895, p. 730. 

Spangler, A. M. The Decrease of Food-Fishes in American 
Waters and Some of the Causes. Bull. U. S. Fish Com. for 1893, 
V. XIII, p. 21-35. 

Sullivan, W. K. Composition of the Soils of Oyster Grounds. 
Appendix to Report of the Commissioners Appointed to Inquire into 
the Methods of Oyster Culture in the United Kingdom and France, 
with a View to the Introduction of Improved Methods of Cultivation 
of Oysters into Ireland. Dublin, 1870, pp. 166-176. 

Susta, J. Die Ernahrung des Karpfen und seiner Teichgenossen. 
Stettin, 252 pp., 2 TafF., 1888. 

Tanner, Z. L. On the Appliances for Collecting Pelagic Or- 
ganisms, with Special Reference to those Employed by the U. S. 



288 PROCEEDINGS OF THE ACADEMY OF [1896. 

Fish Commission. Bull. U. S. Fish Com., Vol. 14, 1894, p. 143- 
151. 

Thompson, Wyville. The Depths of the Sea. An account of 
the general results of the dredging cruises of H. M. S. S. Porcupine 
and Lightning, 1873. 

The Atlantic. A preliminary account of the general 

results of exploring voyage of H. M. S. Challenger, 1877. 

Tlrbyne, Alex. The Feeding Ground of the Herring. Nature, 
Vol. 52, No. 1356, p. 617, and No. 1363, p. 129. 

Valenciennes, A. Sur les causes de la coloration en vert de 
certaines huitres. Compt. Rend., XII, 345, 1841. 

Vanhoffen, E. Ueber gronlandisches Plankton (Vortrag.). 
In Verhdlgn. Ges. deutsch Naturf. u. Arzte, 66 Vers. Wien, 2 Th., 
I Halfte, p. 133-135. 

Vogt, Carl. Ocean and Mittlemeer, p. 303, 1848. 

Walter, E. Eine praktische verwerthbare Methode zur quanti- 
tiven Bestimmung des Teichplankton. In Forschgsber. Biol. Stat. 
PJon., Th. 3, p. 100-187. 

Ward, H. B. A Preliminary Report on the Worms (mostly 
parasitic) collected in Lake St. Clair, in the summer of 1893. 
Bull, of the Michigan Fish Commission, No. 4, 1894. Appendix 
III, pp. 49-56. 

A new Method for the Quantitative Determination of 

Plankton Hauls. Trans. Araer. Micr. Soc, Vol. 17, p. 255, 1896. 
Zool. Centrlb., 3 Jhg., NR. 7, p. 225. 

The Food Supply of the Fish in the Great Lakes. The 

Nebraska Literary Magazine, Vol. 1, Nov., 1895, No. 2, pp. 107- 
124. 

The Food Supply of the Great Lakes ; and some Ex- 
periments on its Amount and Distribution. 2 Plates. Trans. 
Amer. Micr. Soc, Vol. 17, p. 242-251, 1896. 

Winther, G. On the Geographical Distribution of the Common 
Oyster. Annals and Magazine of Natural History, London, March, 
1878, 5 ser., Vol. 1, pp. 185-189. 

Abstract translation of Om vore Haves Naturforhold 

med Hensyn til konstig Oestersavl og om de i den henseende an- 
stillede Forsog. Kopenhagen, 1876. Nordisk Tidskrift for Fiskeri. 

Wolcott, Dr. R. H. The Insecta and Acarina of Lake St. 
Clair, a preliminary Report. - Bull, of the Michigan Fish Com., No. 
4, 1894. Appendix IV, pp. 55-56. 

Zacharias, O. Statistische Mittheilungen fiber das Plankton 
des Grossen Ploner Sees. In Zool. Anz., 17 Jhg., No. 464, p. 457. 

Quantitative Untersuchungen fiber das Limnoplank- 

ton. Nebst Anleitung zur Vornahme von Zahlungen und Volu- 
menmessungen. Berlin, 1896, 64 p., M. 2. 

Faunistische Mittheilungen (Ploner See) 2 Taf. In 

Forsehungsber. Biol. Stat. Plon, Th. 3, p. 73. 



1896.] NATURAL SCIENCES OF PHILADELPHIA. 289 

Ueber die wechselnde Quantitat des Plankton im 



Grossen Ploner See. Ibid., p. 97-1 17. 

Ueber die horizon tale und verticale Verbreitung lim- 

netischer Organismen. Ibid., p. 127. 

Planktonmessungen in Grossen Ploner See. Corr. Bl. 

f. Fischzucht, 3 Jhg., No. 1, p. 7-8. 

Fauna des grossen Ploner Sees. Forschungsber. d. 

Biol. Station zu Plon., II Theil, p. 57-64, 1894. 



